Measurements of Deeply Virtual Compton Scattering on nuclear targets are reported, performed using the 27.6 GeV longitudinally polarized lepton beam of HERA and various nuclear targets of the HERMES experiment. All possible azimuthal asymmetries are extracted, with a detailed estimation of systematic uncertainties. The asymmetries of interest for coherent-enriched and incoherent-enriched regions are compared to those for the free proton, and in both cases the ratios are found to be compatible with unity.
Introduction and motivation
Lepton-nucleon elastic scattering and Deeply Inelastic Scattering (DIS) have been studied for many years, from which form factors and Parton Distribution Functions (PDFs) are extracted, providing information about nucleon structure. Recently a more comprehensive description called Generalized Parton Distributions (GPDs) [2] became available, which embody PDFs as special cases, and form factors as the first moments [3] . Great interest arose after Ji's relation [3] was found:
where J q,g denotes the total angular momentum carried by the quark q or gluon g. This shows for the first time that GPDs can shed some light on the missing pieces of nucleon spin structure.
On the experimental side, the Deeply Virtual Compton Scattering (DVCS) process, i.e., the hard exclusive leptoproduction of a real photon (ep → e ′ p ′ γ), appears to allow the theoretically cleanest access to GPDs. Several first measurements sensitive to GPD H have already been performed, of either cross section [4, 5] , or of cross section asymmetries with respect to beam spin [6] or beam charge [7] . Also asymmetries with respect to transverse target polarization [8, 9] have been measured, which can access the GPD E. All these experimental results are for a proton or deuterium target, and no results have been published for a heavier nuclear target. DVCS on nuclear targets can not only yield information on nucleon GPDs, but also constrain theoretical models attempting to give a covariant description of nuclear structure, and furthermore provide a better understanding of the nuclear force. Given these features, the unique nuclear target data of HERMES is well worth studying.
The measured asymmetries
Based on the formalism of Ref. [10] , for a longitudinally polarized beam with polarization P b and charge e l , and an unpolarized target, the total DVCS cross section can be written as 
where ± denotes the beam charge and → ← denotes the beam helicity. These definitions are consistent with Eqn. 2. However, for Helium-4, Nitrogen and Neon targets, only positronbeam data exist, so only the single-beam-charge BSA can be extracted, given by A systematic uncertainty accounting for the difference between extraction of A LU with and without electron beam data is estimated and assigned to these three singlebeam-charge results.
In the HERMES experiment, due to the large angle and low energy of the recoiling nucleon or nuclei, the latter cannot be detected by the forward spectrometer. Instead, the missing mass
is used to select the exclusive sample. The M 2 X distribution for the Xenon target is shown in Fig. 1 as an example.
Monte Carlo (MC) simulations are used to select kinematic restrictions and estimate backgrounds. Simulation of the elastic (in-)coherent process is based on V. Guzey's Dual Model [11, 12] ; while semi-inclusive production (mostly via π 0 ) and associated production, where the final nucleon is excited to a resonance state, are treated by LEPTO with JETSET parameters tuned for HERMES. The fractional contribution of associated production amounts to about 15% on average, within the selected range in M 2 X . Because of poor knowledge of the asymmetry of this contribution, no correction is made or uncertainty assigned for it, and it is considered to be part of the signal. The semi-inclusive contribution is found to be about 5%. With its asymmetry extracted from data, a correction is made for its contribution and a systematic uncertainty is assigned. Another point about Fig. 1 is that the M 2 X spectrum of the electron data is slightly shifted to lower M 2 X with respect to that of positron data. The exclusive constraints for electron data are shifted accordingly to follow the peak, and one quarter of the effect of this shift on the asymmetries is assigned as another source of systematic uncertainty.
Finally, the systematic uncertainty of the HERA's longitudinal polarization is estimated to be 3.4%. This scale uncertainty is also taken into account for the beam-spin asymmetries.
Separation of coherent and incoherent parts
Exclusive production of real photons on nuclear targets involve contributions from coherent and incoherent processes. The former corresponds to the situation when the nuclear target stays intact, while the latter corresponds to the nuclear target breaking up with the photon being emitted by a particular nucleon. Since the coherent process is mostly confined to small t, the squared 4-momentum transfer to the target, it is natural to separate the coherent and incoherent parts using a selection based on t. Of course, a complete separation is impossible here, and only (in)coherent-enriched event samples are produced. For each of these two samples and each observable, the goal is to compare the results of all targets, and obtain the ratio of the nuclear beam-spin asymmetry to that of hydrogen. Given the kinematic dependence of the asymmetry, this comparison is most meaningful if the data samples for all targets have the same x B , Q 2 and t values. Hence the (lower) upper |t| limit to define the (in-)coherent sample is chosen to obtain the same t value for all targets, with high but different (in-)coherent purity. The values for Hydrogen, Krypton and Xenon are shown in Table 1 as examples, where one can see t is chosen to be -0. 
